ABSTRACT
Introduction
Nowadays, computers are transformed from a personal working tool to mass communication equipment in the whole planet, causing a revolution in the way of working, getting information and communication.
The increasing use of the computers in working places and schools has raised the worry about possible health dangers [1, 2] . Many individuals, who work in computer, have reported various symptoms and job-related complaints, such as sight disquietude, muscle pains, etc. The level of discomfort and complaints appears to increase with the time of computer use [3] [4] [5] . However, based on actual studies, there are quite a few plausibility that the use of computers causes permanent changes of eyesight or even damages of the eye itself [6, 7] .
Computers, like most of electrical appliances, emit both ionizing and non ionizing radiation [8] . Most critical device in respect of electromagnetic radiation is computer video display unit (VDU); most of them in our country still are of cathode ray tube (CRT) type. A VDU emits in almost the entire electromagnetic spectrum [9] . The optical radiation emitted includes visible light (VIS) which forms the image that the VDU is intended to produce; very small amounts of ultraviolet (UV) are emitted from the tube; infrared (IR) appears as heat dissipated by the unit. Electric and magnetic fields are emitted in three different frequency ranges. Extremely low frequency (ELF) fields at 50 or 60 Hz come from the power supply, and the vertical deflection coils. The horizontal deflection coils emit fields operating mainly in the frequencies 15-35 kHz. Weak signals at radio frequencies (RF) come from the VDU's interior electronic circuitry and signals received from the computer. Very low-energy X-rays are produced inside the CRT, but the glass screen is thick eNough to completely absorb them [2] . Electrons striking the front of the screen produce static electric fields.
Non ionizing radiation is found in a wide range of occupational settings and can pose a health risk to exposed workers if Not properly controlled [10] . Meanwhile, the scientific research has led towards the use of new technology equipments, which emit less radiation.
Materials and Methodology
In this study there are presented the results taken by direct measurements of electric and magnetic fields of low frequencies ELF and VLF, as well as electromagnetic fields of high frequencies RF, (which present the highest exposure [11] by VDU-s), in 4 computer lab-rooms of 3 high schools of Gjirokastra town.
Initially the measurements are carried out for a single VDU, 30 cm in front and 50 cm around, in accordance * Paper publication sponsored by University of Gjirokastra, Albania.
with the technical procedures established by European standards [12] and international recommendations TCO [13] , finding so the values of the intensity of the electric field E(V/m) and magnetic inductance B(μT) for low frequencies. Later, there are carried out direct measurements of electric field intensity E(V/m) and power density S(μW/cm 2 ) for Non ionizing radiation emissions in high frequency fields. Measurements were made at maximum intensity in order to obtain "worst case" operating conditions [14] .
Afterwards, direct measurements of these physical quantities are carried out in various working positions of the students and teacher in these classrooms for computer science teaching. The attention in taking these measurements is mainly focused towards the effects on the operator of Non ionizing electromagnetic radiation, emitted by VDU-s, and not towards the exact localization or concrete shape of emitting source.
In order to deduct conclusions about the exposure level of students and teachers to Non ionizing electromagnetic fields in the computer labs of these schools, the results of the measurements are compared with the respective limiting international recommendations. The technical Normative with respect to VDU-s take care mostly for the setup of the working place such as to offer safety by the visual, thermal and acoustic point of view.
Concerning the hazards related to Non ionizing radiation, international recommendations of ICNIRP [15] are commonly used, to which the European directives refer (2004/40/CE, 1999/519/CE). But in the case of radiation emitted by VDU-s these are used only for RF emissions.
In the recent years, the scientific studies refer mostly to TCO requirements, which has established in the low frequencies range, much stronger protective limitations than ICNIRP. These requirements are evolved parallel with new and safer technologies in years (1992, 1995, 1999, 2003, 2006) , by even putting restrictions on all computer parts technical specifications such as those regarding energy saving, electrical safety, etc. The TCO recommendations for the protection by electromagnetic emissions of VDU-s are presented in Table 1 .
Places of Interest
Measurements are carried out in four lab-rooms of three high schools of Gjirokastra town. The criterions for the selection of these labs were: the type of monitor used (CRT or LCD), the position of the monitors in the classroom (around the walls or in the center of the classroom); as well as the quantity of the monitors in classrooms with different dimensions (the equipment density).
Equipments Used for Measurements
 Anisotropic sensor for electric and magnetic fields 
Results and Discussions

Pedagogical High School "Pandeli Sotiri"
This lab-room with dimensions 8.5 × 6 m, is equipped with 15 VDU-s of CRT type, model Samtron 78E, placed around the walls as shown in Figure 1 .
Measurements are taken in 5 workplaces: in the teacher's workplace (P1) and in the students' (P2, P3, P4, and P5). The measured values of the electric field intensity and magnetic field inductance for the low frequencies (ELF and VLF), as well as those of power density and electric field intensity for high frequencies (RF) are shown in Table 2 . By analyzing such results we conclude as follows:  Electric field of low frequency results about 12 times higher than the limit.  Magnetic field of low frequency results in the higher extreme of the recommended limit, but still in good accordance with it. The teacher's workplace (P1) is an exclusion in which the standard is slightly exceeded, but it should be paid the necessary attention to this fact because of the longer stay of the teacher in front of the computer compared to that of the students.  Power density of electromagnetic fields of high frequencies results over 12 times below the recommended limits.  Electric field of high frequencies results in average 14 times below the limits.
High School "Asim Zeneli" (First Lab)
This lab-room with dimensions 10 × 7 m, is equipped with 16 VDU-s of CRT type, model HP 7540, placed around the walls as shown in Figure 2 . Measurements are taken in 6 workplaces: in the teacher's workplace (A1) and in the students' (A2, A3, A4, A5, and A6). The results of the measurements for low and high frequency radiation in this classroom are presented in Table 3 , from which we conclude that:  Electric field of low frequency results about 3 times higher than the recommended limit. In the workplaces A4 and A5 (next to the Hub and in front of it), this quantity becomes about 35 times higher than the limit. Still, the electric field measured at A6, exceeds 4 times the limit because the student sited in this workplace is exposed even to the back part (where the radiation is maximum) of the monitor A1.  The magnetic field of low frequency results in good accordance with the limit, excluding here the positions A5 where the standard is slightly exceeded because of the presence of the Hub and the battery system and A6 where the measured value results higher than the standard because of the emission by the back part of the teacher's monitor.  Power density of electromagnetic field of high frequencies results on average 30 times below the recommended limits. 
High School "Asim Zeneli" (Second Lab)
This lab-room with dimensions 8.5 × 5.5m, is equipped with 18 VDU-s of LCD type, model Acer V173, placed around the walls and in the centre of the room as shown in Figure 3 . Measurements are taken in 5 workplaces: in the teacher's workplace (Z1) and in the students' (Z2, Z3, Z4, and Z5). Analyzing the results of the measurements presented in Table 4 , we conclude that:  Electric field of low frequencies results about 2.5 times higher than the limit.  Magnetic inductance in the low frequencies results in the extreme of the permitted values, but still in good accordance with it. The position 1 (teacher's place), in which the standard is slightly exceeded, is an exclusion, but it should be paid attention to solve this because the teacher's staying in classroom is longer than that of the students'  Power density of the electromagnetic field of high frequencies results over 7 times below the recommended limits.  Electric field of high frequencies results on the average 4 times below the limits.  Measured values of physical quantities in interest result lower than those measured in the lab-1 of the same school ("Asim Zeneli") where there are used CRT type monitor.
High School "Siri Shapllo"
This classroom with 9 × 6.5 m dimensions is equipped, with 13 computers with liquid crystals display monitors (LCD), model Acer V173, placed around the walls as shown in Figure 4 . Measurements are taken in 5 workplaces: in the teacher's workplace (S1) and in the students' (S2, S3, S4, and S5). Table 5 which illustrates the results of the measurements for low and high frequency radiation helps us to conclude that:  Electric field of low frequencies results about 1.2 times above the recommended limit. 
Conclusions
For the first time it is carried out such a detailed study in the informatics lab-rooms of Gjirokastra town schools. Generally, the measured quantities result with values in good accordance with the recommended limits established for the protection by the Non-ionizing radiations emitted by video display units (VDU).
The physical quantities which better chime with these limits are those measured for the high frequency radiations (power density and electric field intensity).
In respect of low frequency radiation, the electric field results much higher than the permitted limit, but this can be easily shielded, so it is recommended the use of glass filters for the monitors, especially for those of CRT type. The quantity to which it should be paid maximal attention by the point of view of safety and protection, the magnetic inductance, results generally in satisfactory accordance with the recommended limits.
By comparing the exposure according as the type of the monitor (CRT vs. LCD), for the same way of placement in the classroom (around the walls), it results that in all the working places, where measurements are taken, the values of the electric field (of low frequency) and the values of the power density (high frequency) for the classroom equipped with LCD type monitors, are smaller than those for the classroom equipped with CRT type monitors (Tables 2 and 5) .
The comparison of the exposure in relation of how the monitors are placed in the classroom, for the same VDU type (LCD type in this case), shows that in all the positions where measurements are taken, the values of electric field (low frequency) and those of power density (high frequency) for the placement in circle are smaller than the respective values for the central placement (Tables 2 and 5).
Counting on the abovementioned conclusions, it is recommended the use in the computer lab-rooms of schools of PCs equipped with LCD type monitors. In preclusion of this, it is recommended the use of protective glass filtering shields over the screens of CRT type monitors to reduce rays emitted from the front.
It is recommended that the computers should be placed around the walls of the lab-room, because it results to be the setup which provides minimal exposure towards the Non ionizing radiation. In such way, the user will not be in vicinity of the back part of the monitor which emits maximally. Continuing such reasoning, it is recommended that No students' desks are positioned in the opposite side of the wall because the most hazardous quantity, the magnetic inductance, can not be shielded by walls or partitions.
It is recommended the placement of additional equipments (UPS, Hub, photocopy machine, printers, etc.) in a proper place far away from the students' workplace.
Finally, in accordance with TCO requirements [13] , it is recommended that in the computer lab-rooms, the working places of the students, consequently the PC monitors, should be at least 50cm away from each other. This is because the magnetic field strength diminishes rapidly the farther you move from the VDU [5] .
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